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(57) Abstract 

A front light (100) and reflection liquid crystal display including a poinUike light source (101) and a light guide (104) which has an 
incidence face (104a) on which light from the light source (101) is incident and an emergence face (I04b) from which the Ught incident on 
mL""? n^""^ r The light from the light source (101) is a linear beam at least when the light is incident on the incidence fece 

^^l"" u'^'ll ^^^^ .^"^ ^'^^ '^"^ fr^'^e*^^ brightness distribution, -nierefore, the front 

Ught (100) provides bnght iliummaUon, can be produced at low cost, and operates with small power consumption, and a reflection liouid 
crystal display having such a front light is provided. ^ 
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T^l^x;rwU+'-^f6T$-ti-^SI^K^il:M^E«{C J; 0 ttil>f® 1 0 4 b 
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lif ® 102a {i^ ta = 2. 0mm(ta:ail«f®102b(C>r^LTS 
iS;5'lS]©)P$ ) > tb=l. 2mm (tb: l±il^® 1 0 2 b:J^fS]©m^ 
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4 9 0 // m . Mlif g[5 102eOh°7f-P3^10;t/m. {SasaJ-f" 0 2 d 
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m 6 x:^isi) > ^ t, iifSitOTfeli <»: ajl*® i o 2 b i 

(D^J^^ldp,^^^z LT> 7fe$4:^iS]<t tbi*® i o 2 b ©iiii^isji^ii^'^i:-^^ 
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$ tl/cJiSS^it 1 0 4 f {cW^{C3t<&AI^$-ti-5 C <!:;i)<T-§ §0 
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a 1 1 1 a bnTV>§o ^/c. He 0 (b) T'(i. 1 0 9 

1 0 8 iiJJCffit^H 1 1 1 b;0<IS{:f btlTl.^So cnbEt^il 1 

1 1 a • 1 1 1 b ^iv^•rn^>^ m^fti^ i o a ^^ihoyt^w:w:^-ii: 6 c t 
izj^io. ^ '^iznmii^^(Di^~it^m?> h(Dr^?>o 
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'9^^i£t!c^ci£^,^7lc{C'^^$nT^7fe^^ 2 5 4 {3:gAtir^-li--g> d i^^Rl 

5 4 ® tBI^® 2 5 4 b T-Oit|g5J^(i, ^ ® M/i ll:^fS] T (m a x /m 

in)=i. e tM0t^nm^^^<nihtitzo 

2 5 4 ©Alt5^® (AMm 2 5 4 a) i fS] -^1) ® (® 2 4 5 g 
) {c@EM L> Xmm 2 5 4 a iSH L ffitl(^ |^ (J£t!c>KI* v - h 2 5 
3) ck f9j£tfc$-{i-TSAI>f$-tf-^ c i {c ck «9 . 7t A 5 OAi>ys (,>||t^^ 

tiis^ :^mM<DmmX'{i.^ mitW2 5 4cdAI^®2 5 4 a(cJ£ti:-SI* 
h 2 5 3 ^EfiL/-c^S^{wOi,NTU&B^L^i;6^ *^B^ C ntcpg^ 
$ n § ^3 O -e « /j: < > ^ij ;i ti\ a 2 6 ( a ) . 0 2 6 ( b ) {c cb ^ 
{w, 2 5 4 ® Alif® 2 5 4 a fc^l^^ ('^^^^^ Slit¥-I^) 2 

7 3 ^EM L /cii^ (c fc|iHi(7)5^m^li -5 C i' ^< ^ #1 * "-S ^ *■ " 

C O^Tfei* 2 5 4 OAllt® 2 5 4 a {CSI^;^ 2 7 3 ^ISM t 
(ix IEI2 6 (a) s m2 6 (b) KTTst^oiz, mWCOD j^iX.mitm 2 5 
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6 6 

It^^^Lfzitl 0 (i. KtsiU 2 7 3 T-SI^ ^:HajgM{CfcV>T. +^ 
{-/2;^>'«9 ^if o/-cAI«f7t(c^^$n^ mitW 2 5 4 ®Allf®2 5 4 a {c 
S Al^ $ -li: ^ C i pj 1 o T l> 6 o 

ZOXof^m^-V^t^ m%W 2 5 4 ©Alt® 2 5 4 a {cJfefj^^^^iB 

1 L ^clifiJci ibe? LT> Slhf7t«®^^g;^)^^J>/<i:^,^fc^6. iSiS® ajBi^^i^- 
Cmax/min) = 1. ^\>iy tfi^ ^ X'0'^^h\^^y u y V "7 ^ V V 

X T- A ^ # 6 C <h ;{>^ pj fg i 4' -5 c 

ii(±®J;^{c, *^M®jf^II(c J; ti(i\ 2 5 1 

itW 2 5 4 OAl^tiS® (AM® 2 5 4 a) i *f fS] 5 ^ ® (® 2 5 4 g 
) {cSSMtS i (b ^3t;^2|i:2 5 4 OAI«f j^®(cffit^^|^ (tfetitSlif 

v/-h253.EI25 (a) #83) */i{iSl!f#l5 2 7 3 . m 

2 5 (a) #M) ^iEfi-t^Cci:{Cj;J9. ?Ii$(£D^,t*t^7fez!i 2 5 1 

§ o 

EI 2 7 *||JfeO0gg-effl l<^S7u>h7^' h (MBJ^H) 3 0 0 

i2i®-e* So 
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6 7 

(i> m^^^w (mmn"^) 3 o 2 (Dm^ti^^m^m (SfeL e d. 
^tzi^gp) 3 0 1 a • 3 0 1 b <Dmm^m^<±mitinm(Dmm 1 i itm 

El 2 8 (i^ •7D>h^-rh300 Com^^^ZJf 

lEEttM^^-^iglSTab So C07P>h^-l' b3 0 0{i> 112 8(C;^ 
0 (c, ^t>t^7fe?i 3 0 1 a • 3 0 1 b . i|lt>c#7t{* 3 0 2 . ffit5:S 

l^v/- h (t£ti:^l8:) 3 0 3 . m^i^ i o 4 -etifiJc$ tiri-^ €.0 

m2 9 (a) . 112 9 (b) ^^l^r^ * lllffe ® H t? ffl I ^ 
7n>hv>rh300 ®i^^iiffl{Col^TI^feB^-r -So in 2 9 ( a ) {CTj^^J; 
9 (c, Tjs^JSOff^ll'e^. ."^t^^Tt?^, SOla-SOlbiLTSfeL 
E D (BWit^Xmn^^nm :NSCW100)^ffl^-^. ^^i^Sill 
:3j^m±i^ 3 0 2 ©Al^i^SfCiSM L tz, t fz. Z(D^^miti=^ 3 0 2 i 
.^^^±m 3 0 1 a • 3 0 1 b i ® faKc (i. ^^^K-^ «y ^>i7'^'i=f^ 

mm) 3 0 5 a • 3 0 5 h^^mttzo mw^izii, z<Dm^mm^tm 
m (B*o .y ^ ^ hm^^^m : l o - s 1 2 ) ^m^m^i^ 3 0 2 
<h,^^^7fe«i 3 0 1 a • 3 0 1 h t(DmKmrL. 1 J / c m 

3O5a<h3O5b(i:0®tjf^nl(il. 5 2tr*o/-Co 
C CT-> EI 3 0 Km^mm^tmm 305a-305b (0 29 (a) 

#M) (Dmmmn 1 (c^-rsnjb^^Tfe^* 3 0 2' (h 2 9 Ca^^mVib^ 

b tb lif L ^ ttll-f ^ « ( C O I. ^ T O §5 ^ ^ ^ # o 
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6 8 

^^^Wi^it^m 3 0 5 a • 3 0 5 b L J^jll^ (^m® ( A i r ) n 

0=1. 00 ^^LTlSHL/cli^) li^ iit^LT. ttil^ 7tS;0^'ii^JD 

I9:<b LT^ ihMnm^<m:kttl?>J^r> izm^mn 1 = 1. 5 2 cD^^l^ill 

mitmm 3 o s a • a o 5 h^m^^tzo c ctn ^^mm^tztuzm^^ 

{i'^^k-f ^ Stlr^n 1 = 1 . 4 0 *M^> n 1 = 1 . 7 0 ©^^JH 

3 0 5 a • 3 0 5 b I^Jt^^Tfei* 3 0 2 ®ffl||;6^'^>fb 

^^ymmit^m 305a • z o 5 h tixm^mn i = i . 4 ojiir© 

fc® X ^ ^cti n 1 = 1 . 7 0Ja±® ^5©>^'ffll,>6c!:> l^^i-liSg'fbl^flg 3 
0 5 a • 3 0 5 b i-^Jl^S^ti*: 3 0 2 i O^ffif^ J: 5 ^®SI<f § < 

;^t^^7fea^ 3 0 1 a • 3 0 1 b t^mmitW 3 0 2 i ^iSS L ^clf^JC 

ttz. jft^m-?>y^y'^'tLX. mmmTi^<l. 4Jil±l. liiXTO 

113 0 1 a • 3 0 1 hi3^!b%^fl^M^m^m^m±WZ 0 2(Dm^^ 

<^:(-> ±iEL/-cEl2 9 (b) <&fflOT> *IIJS®J^tlT-ffll.^'5.llit)^# 

3 0 2 0AtitM 3 0 2 a {co Tl^SB^-T -5 o ' 

^<i:fe% 0 2 9 ( b ) {i> 114^^7^^ 3 0 2 ^'ckO'^^i*: 1 0 4 ^^^^ 
^%UZ Ola (1212 9 (a) fflij b m flij ® HI 7? * S o ^/c. 
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m^m^W 3 0 2 {cfeOT. i^^m^M 3 0 1a #J©AI<f® 3 0 2 a {C 

Alif® 3 0 2 a i-t-'S o 

0 2 9 (b) {c^f-J;9lc. *^iS£Dff^.|| 5 c:©ll«^7fei*:3 
0 2 ©Alt® 3 0 2 a ^ ^ JF^ff^^ i -t S C <i: {c J; ^) x-yN°^S 3 0 2 h 
^ife LZ-Co 3 0 2 ©fctllt® 3 0 2 b ®J¥$ ^ 1 

. 2 mm <b 1 0 4 ©Alit® 1 0 4 a © $ i {J (5' |1] l: If $ T 

BfSiltZo tfz. Uikm^i^Z 0 2 ©ttilt® 3 0 2 bi>[t|S]1--5®©i? 
^^2. 0mmiLxftK55;6<7. 6°tfl6^olzf-- ^<^m 3 0 
2 h^mitzo 

5 (i. U^m^W 3 0 2 ©tilit® 3 0 2 b (Dm%:^\^t 

x-^N'^s 3 0 2 h'&mifzmt^<fii-nm-v^^o 

Z(DJ^r)K. U^miti^Z 0 2 ©Alt® 3 0 2 a{cx-/N-^S3 0 2 
h ^m-r C i {Cck «9 ^ ^i^^^Tfe^ 3 0 2 ©Alf^® cfc l^t-tJ-^X©;^^ 
^^•^t^^TfeaiS 0 1 a • 3 0 1 b (1212 9 (a) #BI) ^legLZ-cif^ 
-e*-oTfe^ ,'^t^^7feii3 0 1 a • 3 0 1 b L /cAI>t7t^W5C/j{c 

Hilt®3 0 2 b{c#< Ci^&^'-ei^ c:n(cJ:^)Bg§(,^7n>h5^ h3 

•ot^. m^miti^ 3 0 2 (cjg^^ny-iAit® 302a T§7t$ 

U^, ^mM(DmB5 -Cii. Wi^m^^Z 0 2 ©AI>tiS®©iig{|iJ{Cx 

-^^°^a3 0 2 h^mitzM. ^^m^ ^ xizmmi!)<^ ?>m^f^iiizit. 

)t{|lJ©^{C7^-/N'^S 3 0 2h^SfeLTtSV>o ^/c^ C©i^©T-- 
^^•^S 3 0 2h©^Se5{col>T^j. *l|]!iS©JgKI© fc©{ipg^$ tl 
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7 0 

^ fcoT-tijy: < . 0° cko;*^^ < 2 0° w,r-c^tii€m^m^^ i o 2 

©ttJiit® 3 0 2 b lcW^(C^^^< c i;i)<T-^ -So 

0 2 ©ii^lfig 3 0 2 f (c ct o TKI^$ n^C7fe;0<7^-/N°g|5 5J 

3 3 0 2 h<&S&Lfcg|?5J) T^^|^^^;&^;iTL* 3 

0 2 b iz^ni^±^m<^^^<i&m^n6o 

d ® ck -5 ic, ,iit»t^7fe{2|i: 3 0 2 OttH^f® 3 0 2 b ®ij $ i^^fe-f* 1 0 

4 © A 1^® 1 0 4 a O Jf $ i ^ H L < ff^ 55c L ^ ^ ^ ^ 5^0° < 9 
5^20° ©|Eiai^T--r-/N^a 3 0 2 h ^Jfet C i J; ^) . ^-^.^y^^^fe 
z!S3 0 1 a • 3 0 1 h^^i^^lfzyt^^t^lzmtm%^S 0 2 (cAlif^ 
■a-^ C t^<l:^^ 6 tthlz. 1 0 4 OAMM 10 4a {C^^J; < 

^iz. 0 3 1 (a) . mz 1 (b) ^ffli>T. ^^mmommirm^' ^ 

7D>h^'l'h300 ([21 28 #M) ©H^^Tfef* 3 0 2 c7)ff^^^(co^,^ 

1131 (a).EI31 (b) {c^-Tct-^JC. *llifeOff^IlT'ffll^/c|| 
^m^i^ 3 0 2 (i. Hilif® 3 0 2 b i^lS]^-5S{C. fsiSSR 3 0 2 d i. 
StifS|5 3 0 2 e <i:;6^3^S(c/iagfi^(cff^^$ tlTfc^ ()i^1iii 3 0 2 f 
<&JKfi!c) . :i(Dm^ii. t°-y^Pd''^200/zmiL^ AM® 3 0 
2 afi{3^T-MM^ 3 0 2 e cDMf4^ S^;*; ^ < > 4^ * T M ^4 ^ S /Jn 
$ < Sck 9 {c^it$ nTl,> mi*6^fc(i, Alit® 3 0 2 a fi^fc*? 
l^TRttg|5 3 0 2 ecD|iiP5<i:^iP6i^l 5 m m (L fc>',o-r'fe"^g|5 
302dOtiP7^1 70;um) . If^h^^l 5 u mO ~mmE.nj^ik 
t L^ 4>*g|5-e{i|iP 5 i P 6 i ^ 1 8 // m ( L o T ti P 7 ^ 1 6 
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7 1 

4//m) . if^h^l 5// mO-mm = nm^t L/Co CCD J: {c, ^ 
*fSR 3 0 2 e ©<ii4^S^>^'*g|3{cia-:5-< < tSfff-^ C i {c J; 

±fS^tf©|gt^#^#: 3 0 2 {C^jttS. fcblif® 3 0 2 b ^^^TOtHM 

m% 2 J;«9B^b*>nCcl:-5(c, Ht^^^fe^* 3 0 2 b © mi* Tfe (i > (it? 
e 1 ^< 1 5 S[©:^lSi 1 ®|±}|^;^[S]) {c f - iJ^M^Jt-o T*J^) . 

1 0 4 (StJf^n = 1 . 4 9) {C ff^^ $ tl ^ ffl^it 1 0 4 f CD^S 
^ = 1 4° (c^LT. (i{^iS3^1-§5fe;6<tiHI«t$ ti-So * > C © i § cD 
^^^^^^2^ 3 0 2 (O^mmZ 0 2 bT-©»E5^^{is -/SH^^lSlfc J;D=-h° 
- ^'Ml^fSl-e (m a X /m i n ) = 1 . 5 0 Jil T <fc S 0 4' II |^ 

( 0 1 5 fi©:^rs3) {i, mmjcti^^f* i o 4 ciff^^^n/ci^s^it 

igl04fO^S^=14° {C^LTiI3<-r§:^fS];6^^,^^j>f••nTl^6o 
L7&^L. t°- :J'Mo:;^|nl{i, )^^{cjiS^^it 1 0 4 f ©^S0 = 1 4° 

(±10°) -e*-^Tfc+^4'^m5&q#^n5o 

iil:El2 9 (a).S29 (b).El31 (a).EI31 (b) #M) 
{cji^Mit 3 0 2 f <£-?^^-r§Ci{cJ;^). ;^4^^^a^3 0 l^r^'s 0 

l.^So ||t^^^^$ 3 0 2 ®AI«t® 3 0 2 a i^t^^7t^3 0 1 a 
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7 2 

• 3 0 1 hmt(DmK^^mm^tmm (^^e^^^-y 3 0 5 
t tz, m^myti^ 3 0 2 oamm s 0 2 a izv^-ymm 3 0 2 h ^js 

tZtizXiO. m^m^i^S 0 2 0Alif® 3 0 2 a ^> i 4' ^ 
0 1 a . 3 0 1 b^'l2a^tl/cli^T*.oTfc. Ji^tiit 3 0 2 
f •^•Stt^ tl/cTt^f ^{cttllif® 3 0 2 b {C^ < c i;&^-pltgi ^j: o TV^ 

S o 
S o 

la 3 3 (i. ^mmomm-€^\.^ 6y a > h h (mm^m) 3 5 0 
t^MmmmmTTsM^ 1 0 5 tr-m^^titz^^mm^BrnTn^m^TFt 

{i> m^myt^ (mmm^p) 3 5 2 om^tM^^^^m (SfeL e d. 

3 5 1 ©SEM{iM;6^'S/j:§o ' , *" 

mz 4 (i. *^JSOff^||T'ffll,>A:7 o > h 7 h 3 5 0 CD ff^ )|^ J; a' 
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7 3 

t J; 9 (c, j^^m^m 3 5 1. ^t*i^i7fe^4: 3 5 2 . mn^^vy- h 1 0 

^iH 3 5 1 1 0 5 (las 3#fiS) ©li^l. 5m 

C >ys°i> h □ > h ^ ^' h 3 5 0 C ck*<-t;-§ So 

^^{::.il35 (a). 035 (b).EI36 (a).ll36 (b)^ 
ffl^'^T*||^|CDff^,^Tffil^/c7 □ > hv^ h 3 5 0 ® |H (C -p I ^ Tlj& 
•t So H 3 5 ( a ) fi. *^^iOff^,||-effl^,^/c,®;|;^'^3fe^^^ 3 5 2 
^^2!i3 5 1 i0@ESM^I21-e*«9> *^Jfe©ff^IlT{i;^;K^^ai3 5 
1 ^tmmit^ 3 5 2 ®T® (Al^® 3 5 2 a) {c 3 *T (.^^^TfeiH 3 
5 1 a • 3 5 1 b • 3 5 1 c ) lEfi LTUSo ttz^ MS 5 (b) (i. 
*^JS©ff^S|-effll^/c^t»c*7fe(*:3 5 2 i^Tfei* 1 0 4 <h cD K g ® |2I 

-e*^). US 6 (b) u^ommmn-ibK). m^m^i^^ 5 2ofcbi^® 

3 5 2 b iJ-^fSl#SM3 5 2 c {C(i, fe^ia? 3 5 2 d iMMgp 3 5 2 e 

^<B>o&L^K\zif}m^tix\<^?, (mmmmz 5 2 f ) o 4-^, 

t^{Co(->T(i> ±Kli Lfc^ifeOff^S 5 T-ffl^.^fcKI>fg|5 3 0 2 e tB^B 

3 0 2 d 0 3 1 (b) #M) tom^ML (mmmitd o 2 f ) 
ttz. ^^mmommuii. 6 ca) izjrst^oiz. m^Jskm^i^s 

5 2 0iT®gP{c^-/N-Bt^^jefi5cL/Co 5 2 

omilfS 3 5 2b©/P$t4^2mmiL. ^(Dm^Knme 6 = 45 
° Ox-.N°gi5 (Kmm) 3 5 2 g^ff^^L;^io ttz. <P^mKU^^^^ 
^Zi3 5 1 bO^|fi<^^-.^°g(5 3 5 2 g <b © 4^.C^;5^-SK^ S J; ^ ^ ^ 
^ 6 = 4 5° ©x-/N-gP 3 5 2 g^5^fi5cL/-Co d ® J: 9 {c x - 3 5 
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7 4 

mytM3 5 1 *^b©Al^7fe^x-.^°gp3 5 2 g-cEM^^x^Mizii^m 

SI5 3 5 2 d iMItlfP 3 5 2 e {c^< c i;6>'pJtl<h^ci:So 

tfz^ ^^mytW 3 5 2 ®T--/N°gl5 3 5 2 g®i^[^^#]!Jp$^i■-5ciT•^ 

^i^t^t^Tta^ 3 5 1 (D^^ ^ 10 ^m&^izmiitmtfti^ 3 5 2^ai^ 

3 5 2 a {CJi, ^t^^Ttai 3 5 1 t>CDA*f^^lit^#7fe{2^ 3 5 2 icff^ 

^$tL/cj^«§^iit 3 5 2 tmizR^t^miz^^m (x-.<gp3 5 2 g 

/•c^t^^Tfezi 3 5 1 XiZit''\:xmi]Qt ^ Z ti!}<pjmtf^ 

^ o 

gi 3 7(±. ^^mmommirm^^ ?>y u > h ^'-( h (mmkw.T'4 0 0 
<hsi!fM?SH^B^,T^^^ 1 0 5 tx-mm^ntz^mmm^BBiTrs^m^Trst 
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7 5 

SI 3 8 ( a ) KmtJ: o (c. ^nmcommT-m^^tz y u y hv4 hi 
0 0 (i. j^^^ytmmiz^ 3ff®LED^@ElL/;miCDLEDTl/^ 
4 0 1 a ts 3 L E D^ieg L/-c^ 2 © L E DT U>f 4 0 1 

h^m^i^ (m^mitm 4 O 4®AI>t®4 O 4 a*JctO'Aim4 0 4 
a<b>[^|S]-rS®4 0 4 g{ciSlLTl>So 4':te> ::®i^®^lCDLE 
DTU^401a«h||2£DLEDTU^401b<h (i^ H 3 9 ( a ) {C 
cfc 9 {C, :&L E D 4 0 3 a . 4 0 3 b (c & -5 J: 9 {C 

«9 > ii^fel^ 4 0 4 (i. All® 4 0 4 a :foctO'ASt® 4 0 4 a i )^ 
lS]t§® 4 0 4 g{cj;«9. SUfz^^fSj-r^ 2 o O Al«t®^ff^fi!c L T ^-^ § o 

ma 8 (a) ^jcko'iis 8 (b) ^ffl^-^T*ll^feoff^^i{=fc^:^ 

^^^i^ 4 0 4 (DBWi^ 4 0 4 d iS|>tg|? 4 0 4 e icD?g;K (J^WIiit 
4 0 4 f (D^m) ^mMt6o mz 8 (a) :teJ:0'|EI3 8 (b) iZTjkt 
J; 9 {-> Gi^^ 4 0 4 d iSI^SR 404e<i:(i. ^©t°«yf-Pd''' 
^^•S 9 0 fimtl. KM^A 0 4 e (DM P 8 t ^ P 9 t ^ 5 fx m . 
h^5 ni©r^a = ftjgt^i L^^Co C©J;9{c:^7tl* 4 0 4 ©SI^SU 
4 0 4 em^^-mmE.nm^tt^Ztiz^^^ AMMA O 4 affilJ;{>^ 
<hA^lfz^t^ AMmtMJplt ?>m 4 0 4 g^|lJ;^)^ bAlit L/c7fe<h^i% 

o 

4'^, 4 0 4 {Cfctt^. fefiJSP 4 0 4 d iMI^SP 4 0 4 e i ;{)^ 

J^fi)c$nTV^S®lc^lS]t§®;6^ tb|it® 4 0 4 bT*§o' - ' 
^ d ±^Lfz LEDTl/^401a-401b Ofglj^i* (c o V> 
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E13 9 (b) fi. ^1©LED7U^4 0 1 a<bB2cDLEDTU^ 
4 0 1b tCDmWm-C-&^o m^ 9 (b){c^tJ;-9{c,^l©LED 
TU^40 lai^2©LED7l^^40 Ibi {i Si -e ® ;|i ft 

J; -5 (Ct^il L/io ^/c> §LEDTH'40 la • 4 0 lb 

^mmomm-d'ii. Atjiw^t LT(i. m^m f = i 2 o h z . se 

Vi n{C±5V^Eri;?JDLs ^ KD L E D 7 V -( 4 0 1 ai^20LED 

T 4 0 1 h t^'^:snzm^^-^tzo 

CCDJ; -5 (Z. ^^1$ 4 0 4 (038 ( a ) #Ba) ©Al^® 4 0 4 a i . 
AMM 4 0 4 a iztj\^t 6^ 4 0 4 giflKg^tlZ-cLEDTU^ 4 0 
1 a • 4 0 1 h ^^:S.iZj^jcr:^-{t 6 wi(Cj;«9.LED403a-40 

;^'ia*o;iiiSii[^ 6 0 H z i^A^'^'j^m-^'^iztKJ: ^ . ^yt(D 
i<x±m.moj:r)iz, :^mmcDmmizj^:s> l e dt u-r 4 o i a • 

4 0 1 b^^^^* 4 0 4 ©Al^ffi4 0 4 a iAIit® 4 0 4 a 

®4 0 4 g{CiEHL^ ^l®LEDTb^4 0 1 aill2©LEDTU 

-r 4 0 1 b <h^5^S{z;^M$-a-> ^7fe^^II<&SV>{c^tPB^^§Ci{Ccl;^). 

II © 9^ Bil ^ 3f # L 1$ 4^ ^ 5fe !bt II ^ ii ^ ^ c i pj ti 5 ^ 
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S o 

(i> ttikm^i^ (mmm"?-) 4 5 2fcj;o'^^<$ cm^mitw) 4 5 4 
^nm(Dmm-u^i. KMrnm^BrnTT^mi' 4 5 5 1 lt\ 3. 9 

OH^. SiI®5^|J(^<2 4 Omn. li^h°«y f-(i7K¥^[S]P h;6N'0. 0 
8 2 6 rnm^ ^iI:^[S] Pv^< 0. 2 4 8mmCDfc©<^ffll,^/co RHiMm 

mmTFm^ 4 5 5 {cfc(t^±isj^i5'i-oif ^(i, mmomm i (c:te}:^<5s 

l«fMf^^BS/3^^ 1 0 5 (EI1#M) i|l]^T*^o " ^ ' 
^ ±iH7 n>h5'rh450 ©^|ffl{col,>TEI 4 4 ( a ) J: O' 

EI4 4 (b) {cs-^H^TIj&B^tSo S14 4 (a) it. ±t^^Mmmmm 
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b) (i. 7D>h5'1'h450 ®#7t<2t^ 4 5 4 (D-momi^mr-^^o 

^^nmcDmm-Ti^it, ikim^m a^m^) 4 5 i a • 4 5 i b i lt. 

afeLED (Light Emitting Diode) ( 0 M-fb^Xll^l^^^^tSi : N S 

cwi 0 0) ^m^m^i^i 5 2(D'imt^AMm ca^^m) k^m. 
^tir^^^o ttz^ B'^myti^ 4 5 2 ©liajcti, i^nKM'>- h i o 

3 ^<^m^nx\^ 6 o 

^7fe{* 4 5 4 {i. ,^^;^^7fe#:4 5 2 J: «9 Ht^^^t^,^ (c^^ $ tLT 

«9®tt^7tt^ti{C^^$n/c7fe(Cj;oT. SI^MI^b^hS,!^^? 4 5 5 ( 
114 3#M) ;6<MB^^n^o COi|5tl* 4 5 4 (i. 4 5 2 ® 

iJBI^M^^Alif® 4 5 4 a {Cj^fiSjt -5 J: 9 (c LTi5M$ tlTV^ 
myti^ 4 5 4 (i. m^it. 'J / ^Jl/ ^ ^ I) [y- h ^l-ftH^ff^f-^ 
Ci{c^^){^^$nT^.^5o -E-LT. *7fe#:4 5 4 ii. Al^® 4 5 4 a. 
milf® 4 5 4 b> ^fe^kC/^fS]® 4 5 4 c^#^Tl^<5o CCTr. iliit® 

4 5 4 b (i. AI^E 4 5 4 a SC L T (5 {S' g 114' ® T * ^) , ?!^|S]® 4 5 
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p V d ijusgiiit 4 5 4 f (Dmmyj\^Rh d t^<w-uizmm^tix\.^^ 

^myj\^R h d (i. AI>fM4 5 4 a lz>(^ I XW-n tf£ 6 o ttz. HJfe® 
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^nm(DBm\zi5ii ^mitm^w 4 5 2 ©ifiH^iit{coi,>Ti2i 

45 (a) *^t.El4 5 (d) <cac)l^Tl5&B^-r-2)o 114 5 (a) . g|4 
5(b) ;tecJ;0'iI4 5 (c) (i. tl ^' nil 1:^ ^ ^ 4 5 2 ©^jt^^ 

15 irw-mm. jEmmis^v^mmmx^^ ^ 5 (d) it. m^miti^^ 
'^i:*?^ j^^m^m 4 5 1 a • 4 5 1 b (i. m^m^w 4 5 2 ©ji^iissu 

{CiEl $nT*J«9> ;^t^|g7tag4 5 1 a • 4 5 1 b ^ b fifj^t $ tl /"c ^ ft 
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t^CtK^^ rfm^ntz, S^La*^8 Omm> tiW^^ 3mm. I¥ ^ 
t t< 1 mmO^^^m^^ls ItiT^*^ 1.49 1: ^ ^UljWon^ iz.. 

^ o 

ZCDB^mitW 4 5 2 it. A*r® 4 5 2 a. Al*® 2 © Atif®) 
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4 5 2 c (i> AM® 4 5 2 a • 4 5 2 b ^ n-e n{C>Pt L TMil^.j:®'^* 
0 > >CtlSl® 4 5 2 d {is tbl-t® 4 5 2 c {c>:t IX^n^lM'C^ ^ o life 
^iTfe^*: 4 5 2 ©Alit® 4 5 2 a • 4 5 2 b O > ^n^'tl±Bj^ 
i^^itM 4 5 1 a • 4 5 1 b ^<mW.^tl6o 0 4 5 ( a ) ^^^hm 

4 5 ( d ) -eiis ;^t*C^7feil 451a-451b^l2I45 (a) {C O 

t lli:^^7fe{* 4 5 2 O^riS]® 4 5 2 d (C{i.. i^MB iW-m^) 4 

5 2 e iS^I^^MU amAU) 4 5 2 f • 4 5 2 g;i)N«^>^j:a^ U XAt^ 
0]i^^jt 4 5 2 h^&^ff^^^tlTl^'So c:®Jiffl1ijt 4 5 2 h{i. >CtfS] 
® 4 5 2 d >Ct|S|® 4 5 2 d tj" § 
Kit -r ^9 jA<;z^gI55^c7)FHlOg|55} (±15^^^? 4 5 2 e) 

tiTl^ -So 

COSI^gP 4 5 2 f • 4 5 2 g ti. ^^mitM 4 5 1 a • 4 5 1 b 
iblUM^tl. AM®4 5 2 a • 4 5 2b K AHi iXBitmytW 4 5 2 ^ 
{siS-r '5 7tO-g|5<£rSlt^-ti-S C <!: J: «9 > fcbit® 4 5 2 c^^^i^'^ii 

^ :^ |S] {c fcjb Sit ^ -ti- i> *il tl ^ W L r I > -I) o 

L-C> ^'0)^^^^<Dm^m^ (Alt® 452a - 452b 4oJ;C;ai 
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i'f® 4 5 2 c iciciL r mm f^mi^ is i-jf 6 mm^^^) (i^ s 2 e 

f:^ ^iSiaJ^^i^O 2 S H<^ 2 jB) (i. ^ n€n±iHSl!tgP 4 5 

2 f • 4 5 2 g^B^t SSJC^g^ LTl^-5>o 

CCT-s §^ «9 iA.6^^{C:fel^T^ ^-i^t^^Tt?! 4 5 1 a ifi l ^ CD ® 
^litg|5 4 5 2 f <9 s ^t^^Tfe?! 4 5 1b (c ifi I n © ® ^ l^f SI5 4 5 
2 gT*)8o J^TT-fis RM^4 5 2 f • 4 5 2 g *^ ^> 4' -5 ^ 
^■/U 4 5 2 p if^-r^o ttz. -f^XU iKflKi^^^^) 4 5 2 p 
© ± f B »? S ff^ ( C *J ( t ^ - ^ a H ft ?g © n CD & S {C ^@ ^ t g|5 5^ ^ ^ 
■/yXA452p©#g|5452i <i:^i^1-?>o 

^ T 111 i: ff^ i 4' o T I ^ -5 ® T- (i /c£ I ^ . m (c (i Ji ^ fl^ t^j: ;|i 

C:CT•^ ?;^©,^(Co C>T^^t *-r\ ,1^t*t#7fe^*: 4 5 2 ©S^;^ 
(^^.ibc^Tfeii 4 5 1 a <i:,"^J;«C^^ai 4 5 1 h t^^^<1j^^ ll:)^fS]) 
{-XI6^ <!: <9 ^ ^t^^Tfez!^ 4 5 1 a ^ ^^^itU A 5 1 b (C |S] 9 iSj 
^^^tt^o tfz, ±i5§^ij 4 5 2 p ^t^t^Ttii 451a 
fiiJjO> bllS{c|| i #S ( i = 1 . 2 . 3 , •••) ® ^ U XA 4 5 2 p (b t -5 

tthic. \v.TizmMt ^^m^<Dm'^ i i >^ u xa 4 5 2 

114 5 (a) fcj;?>' ( d ) {j- 5 ^|B^ (i . 0 T*"^ T 1 1-\ 

SlifgP 4 5 2 f • 4 5 2 g;i>N\ ^^iSj® 4 5 2 d *5 J: O' tii l>f® 4 5 2 c {c 
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±IH:/ 'J x'A 4 5 2 p nri^ -5 t° -y 5^ (s<-wci?iiii^ ^ x 

A 4 5 2 p©^g(? 4 5 2 i ©f^Pl) ^ p t i L . 4 5 1 a ffilj 

;6^^>©^ i #i©^ X'Attg C/'J XA 4 5 2 pCD:&gI5 4 5 2 i Ofe 

. t-t6o ^i:^. X , Ojg®;^^, ^i^mitWA 5 2 
7ta^4 5 1 afflljOffil (C:CT-{i||t»i^^i*:4 5 2 O^m 1?*^). C 

otea^xo i^sixo (i. X, ;0>^>xii©m:^is]iiij{cp tuin/cfe 

^ LT. ^ i #g® -^ij XA 4 5 2 p (C*J^,^T^ T'U X'Aif ^ ^) 
fE^g|5 4 5 2 e ^^t^2fi®;^^^,;g:gp 4 5 2 i * -C--©Eg||) ^ 
d , . f^) XAipi (^<9iA^|ii, ^;tfS]M 4 5 2 d ^' t:^ ^ ^ ^) iA ^9- ® 
X|6;5-[S]®iIii) <£-pwi itSo y^UXAfipWi ©9^>^ 

l-ta? 4 5 2 f (Dipi (XI4:5-lS]OiH) ^ p w 1 , . 4 5 2 gCDipi ( 

X|i:^[S]0<ii) <£• p w 2 , it So tfz. mi SgOT' ij XA 4 5 2 p 
fe' J; O'H ( i + 1 ) S g 0 U X A 4 5 2 p O fsl *J fj- -5 BM^ 4 5 2 
e OX|i:^fS]®tSc!:. ^ i SSO-/ij XA 4 5 2 p®-/U XA|ip 

M^:^^7fe^ 4 5 2 XA^^i, Ht^c^^l^: 4 5 

•rso 1115 9 (i. iit*^^7ti*{c4bH^T. lii^^s^ 1 iztit^mm^. 
nme 1 1 <b-:^'j XAftig^ 1 2t<mL\.^nmm^W4 5 2{c@ct-5x 
^mm(Dfmi:ii. nme = o" -n-^^tz^. *^<*4 5 4 (ei4 4 

(a) #M) 0AI«f® 4 5 4 BLKnLxmUl5\p\i)-^^K$sit ^^(DM^ 
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ZtMV^6o r>t>0. Ilt^^7fel$ 4 5 2 ;i>M^oailif^O 9 tbl^f^ 

^CT". HIS 9 ct<9> iiJMftSe 1 = 0° {i^n^T h°- ^M^^t^ 'J 
XAft^<hLT> -/yXAftgei 1 . d \ 2 = 4 3° ^giffl-r-So 

«9> Slirgi5 4 5 2 f . 4 5 2 g [S] ® 4 5 2 d 5t L T tl -e' 
tl^<itftS^^L < L. ^'J XAftJt 0 1 1 . ^ 1 2 ^l^f■"t^fc 4 3 ° 

C:©li^;>^^7fe«: 4 5 2 (i. ®tlf$/i»N' 1.49 T'^S/cii). H^I^^t^I* 
4 5 2 (^^ii) :7t tB lit t -5 1^ O Enll^ ft {i 4 2 ° i 

4'5o C ^'J XAftS^ 1 1 . ^ 1 2 = 4 3° i^^t'ilg^i'Ji 4 5 

1 a • 4 5 1 b t^MU 4 5 2 f • 4 5 2 g i © &g ^ Gift's i . 
.^.t^^7t^ll4 5 1 a • 4 5 1 b *^ Rl^a? 4 5 2 f • 4 5 2 g 

5o L/-c;6<o T. S|^g|5 4 5 2 f • 4 5 2 g (c AI-f-T -5 ® ^ < (i > S 
IrtlfP 4 5 2 f • 4 5 2 g{cJ;oT^SIif$n5Cch{c/j:^o 
Ili^^Tfei* 4 5 2 ;6^ b^|.^35^!in^7feO»^/h$ < -5 C i ;&>'T' ^ ^ it 

t.fz. ^ 'J XA t'>y f-p t *3 . p t = 0 . 5 m m i 

4 OmmCD&S) L T*^ |^ {C /j: cfc 9 fC JgfiJc $ n T 6 <r t;7c i< o 
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^nr\.^^o ^<*6<J{Cli, Allt® 4 5 2 a ij XA 4 5 2 pO^ 

'J XAif $ d , < ^ |,^)|^^7fc{* 4 5 2 Oc}n^{cig-j-< {cotlT^ 

4 5 2 ^|2^T-(i. i^j^{CfeH>T-/-J XAi^$ d . < , 43^{ci£ 

C C . ^ b {C , m ( i + 1 ) # g J; C>'^ i # g ( i @ .^t^) 
®^UXA 4 5 2 p(Cfcn^T. ^';XA&S(c>^^-r-5y-JXAi^^©ji 

(d - d . ) / (x ... - X , ) = 0. 0 0 11 

J:-5(Cl^^$tLTl^§o ^^-;XA 4 5 2 pO^S^gp 

4 5 2 i ^^t.^5p®i^^,sjg| 4 5 2 d cb;6^'fig-rft^^^•J XAi^^©fi 

tan^d = 0. 0011 

^0. 0 6 3° tf£^o 

Lfzo mmz\^^Lfz%mmitWA 5 2o?g4^;&^5{c,T^to m 

5(C^L^iM{i. ^^{cfp^L/c,^t>c^^i*:4 5 2 Off^!!^;^,,'^"-^;!. 
/x>n-;U^:±^OT;U7r-XT-.y^ 3 0 0 {C J: ^ jflij^ L fc^mT'* 
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ij X A 111 p w i 


i 


X 1 (mm) 


d 1 (mm) 


p w 1 1 (mm) 


P w 2 i (mm) 


1 


0. 5 


0. 0277 


0. 0297 


0. 0297 


2 


1. 0 


0. 0283 


0. 0303 


0. 0303 












7 9 


39. 5 


0. 0706 


0. 0757 


0. 0757 


8 0 


40. 0 


0. 0712 


0. 0763 


0. 0763 
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§0 H 4 6 {±. 4 5 2 O^BHtr^So C C I fi ( I 

(D-fVXA 4 5 2 p {cij{:t 'J XAcfeW^^^ 3 O J: ^ {c^ 
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20 %ttlZ^ 

^(C. ±iEO|lt^#^<^: 4 5 2 fc :te {j- S »S5J:f|7^ |g| 6 (3^ t^^i^j:: 
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tm^l^mt(Di:t-V^^nmii^^ Cm a x / m i n) 1 . 8 T'* o 
^*>ife|-T-4,^{ic!:\ 4 5 4 ^iS X i^-f^M^^iti^m^Bf^ 

1114 7 {cs-^•v^Ti{feB^•r^o 114 7 {i. -/g XL^m^omm ( cd 
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1214 7 J;^9^ XAif $off|4;). 0. 0 0 0 I X linm^^?b^ 3 x 
^<0. -f^) Xl.m^(Dm^^< 0 . 0 0 0 1 *Nb*^ 0. 0 0 3 cD|EHT{i. 

-:^> r 'J XAM^(Omm^<^ 0 . 0 0 3 )^S5^:m{iti 
§0 CClr. ±x^<DXoiZ, m^m^i^A 5 2 ©)^^^:fS{i,- 3~i(TT- 
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EI 4 8 -/'J X•^£W^;0^'5 %J.:(±T-{±. HJ ffl 5^ ^ 3 0% 

2^ffll^T. 114 4 (a) {C,i^-r^fi!c£D7n > f> ^ ^ h 4 5 0 ^ ^ tl-?' 
tlBS^L. ^©•7n>hv^h450 J; ^ ^ ^ 

^ffl^L/::iC6> ^n^-ni c d/m^ 4 c d/m^ 

£i± J: ^ . >^ >j pfew^^ 5 %Ki±iz^^^t6:: t iz^ ^rm^m 

iti^A 5 2l:(Dm]m^m^<Z 0%Jil±, 7n> hv^r h 4 5 Olzisif 
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5 2 e (114 5 (d) #M) ®E^I;6^'/J^$ < tj: ^ ^ - --^.^ C©fei5^ 
4 5 2 e CDiitgjc Tgl 4 9 (cSoH^ Tf^BJ „ 13 4 9 . BiXm 

^^* 4 5 2 i^^i:^6^(DBm<^m^^mitzm^mx'&6o Ait® 4 5 

2 a;i>^bAI^L> ^ 'J X A 4 5 2 p ^ t § ^ {C T . -gP0^(i. 
.^t»:^3tz!^4 5 1 ai)^i^mmR^^ 4 5 2 f {C5l-#-6;i)<. ffeCD^t (|gl 4 
g^'-,'^!!^) (i, feiSgI5 4 5 2 e ^^ckD^-i±il>fM 4 5 2 cTCD^I^^a 
^iSLTSItgl? 4 5 2 f {c^-rSCiJz/i:^. -ofO. feMSP 4 5 2 e 
{is ^-^.t^^Tfea^ 4 5 1 a;0^^,®7fe^||t^^7t^* 4 5 2 O g^^fS] {c 

Lfc^<oT. ^'J XA^W^^^-:^^ < fd:<9 > {5^^ 4 5 2 e OM«*< 

Tt^o ^(^m^. ;^.t^m^m4 5 1 a^^i^miJtm^w 4 5 2©s^^ 

^{-. t w, 0 (a) ;6^blI5 0 (d) 

TgSH^-r^o EI5 0 (a) *>b[Il5 0 (d) (i. )||t^i|[^<*:4 5 2 {C fe^ 
t^S^te^ii t w. imit® 4 5 2 cT©^05^^ioi|^;^^^^^^g, 
«9 . EI 5 0 ( a ) J; O'EI 5 0 ( b ) {i. "^{S^g t w ^mS^i^^z 
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^ti-^'tiw-mm^^v^iEmmx'&^o eis o (b) *jj;o'igi5 o (d) 
i^isif^^m^it. ^^m^W4 5 2 {cj:§^©Mi>fB#(c. mm^A 5 

2 c {cfcH^Ti:bf5fl^l^S;i■<:^^l^g(5^, tni: ^ t> BJ (B^g|5) 
^ L T ^ o 

EI 5 0 (c) feJ;D'12I5 0 ( d ) iZTjkt^oiz. ib^6^*&fg t w, 

^<4^^um^ im^i^. mmutw; =2. 0 mm©^^) T(d;. 0^35 

) 0J^©i|ii{C^LT/jN$l,^, ttzli^U^<^l:fS:\.^tzib. 

~13. H 5 0 (a) feJ;C/El5 0 (b) fc^-Tct-^JC^ \tm^^m^ 
t Wi l^li^ (^?ij;i(^^{4|ig t w, = 3 . 0 mmOii-^) -e(i. 

^^6^{C(i, ^firilitw, ;{)^' 2 . 0 mm^®^ 5Ji^T-(i±;aiOck -5 

\t2. 0 mmJ^TT* § C tf)<n^ Ll^o /c^f L. ^{iipi t w , ^ 0 . 

0 5 J: < y ij 4 5 2 p @ ® fi£ E {c 4' ^ J6 . 
■^ttti t w i (i 0 . 0 5 mmJi^±;&W^ H-^o 

^nm<Dfmii-\t^ m^mitw^ 5 2©^'jxA^i£e 11-012 
(EI 4 5 (d) mm) ^\.^t'^h A 3° tn.mLfzf)<. fuxAnme 

1 1 • e 1 2 « c n (c jig b n 5 ^3 © T- (i l^ o 

-/'JXA^M^ 1 1 • & 1 2{i. m^m^i^A 5 2-cfi4 5 

(a) mm) ^^i^<DtiiM^(D'i^m^<t'-:^mtti^yjmizBm^¥^^ 
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ZtlU. ^^1*4 54 (1214 4 (a) ©ii^;^|S|4 5 4 f 

m^i^A 5 2®|±i|*® 4 5 2 c <b¥^f{Cff^^$nT^.^SJi^(CigLT^.^ 

{-ff^^^n^ciiSgiiit 4 5 4 f iz^mx < 7t^Al>f-e§. B§§i,>^^0g^ 
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5 4 F^{cfen^T;is?1iit4 5 4 f izmitzij^] (mm^ \^izKiLxm6^ 

\^A±CD^Oiz^ m^mytP^A 5 2©tBl!f®4 5 2 c <tJ*[S]-tS^ffS]® 

4 5 2 dtc^lfco:/.; XA 4 5 2 p^ff^ljlcL. I±il^® 4 5 2 c©g$^ 

-di ) (Xi^. - Xi ) T-^$tlSM§<^0. 0 0 1 1 tt ^ t t 
fcjc, ttll!t® 4 5 2 c ©S^:^[aj(c:te{:r^4'*gl5^4''CWc>^|^i-r§ C 
itCckO^ -^t»J^^i* 4 5 2 ®iM«iJ{ciegL/c^;|^^3fezll 4 5 1 a • 4 

5 1 b*^^<^AM^^mmii^ifnz^ntztm^it^mizmmi:-^. 
ti^^ fvxi.m^<Dmm ( cd ... - d . ) / (x - x . ) > 

J: 0^1115 1 (b) izm-^i^xmrnt^o i (a) fcjco'nf i 7b 
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5 2 i (05 1 (a) ^-j^m^^) ±(^figLTl.>So 

';XA 4 5 2 p;&<I2l5 1 (b) ® J: (c $ T J: l^ o 115 1 

(b) (C;^-r^^4^^^f* 4 5 2 SC>(cP^t-5^ ( i + 1 ) §g 

fcJ:C>'^i#g©-/-Jx'A 4 5 2 p{C:fcH>T. :/ U X A $ d . . , 

5 1 (b) ^-.r^mm li. mb i (a) om^tmmizfi^TK^^o 

1iiiT-*S.i^sg«7i< , 114 5 (a) {CfcM:^§5fcai^^:|^^^ai4 5 1 
a(D^tL. m^^m^W4 5 2 0-^(DiS® CAI^® 4 5 2 a ) f, ffe 

^zi;6^b^^•;^)>-5{conT■/-j XAHip ^ ;^ i < S J: 9 ic L 
2 f • 4 5 2 g (EI4 5 (d) #M) < itEiliiao 

PA±cD^-^iz. :^mm<Dmmiz^ii ^tmm^i^ A 5 2 ti. gi4 5 c 

a) ^^t>EI4 5 (d) ^^om^m^W 4 5 2 ©^^3" 

fS] (X^:^lp]) ©-SSSfC^Cf ^,tL. ^;I^^^ii4 5 1 a;&^bO^;6^'A 
mt 6Amm 4 5 2 ai. ||^^#^^$ 4 5 2 © g^^fS] ^n.' A 

Mltz^i)<lii^t^iiimm 4 5 2 c <h^M;LTl,^-5o 

^LT. Al!fL/;:^^^|tt^^';XA 4 5 2 p tH^m 4 5 2 c 
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$ ^> «c N Alif ® 4 5 2 a IfJ^N b ^ i # @ CD U X A 4 5 2 p {C o T > 
Al*® 4 5 2 a ^-ihCDmi^x . . -/UXAif^di iL/-c<h^. 
M^= (d ... - d i ) / (x i., - X . ) 

tlSli^O. § >^ y XA 4 5 2 p 0 J; ^) 

^ M {c ^ ti T ^ © -e * § o 

miSg®-/ 'JXA4 5 2 pOy>jXAi|iSpWi {cliLT. 
^55'= (pwi + i - pwi ) 

TMm^H^mii^O. XA 4 5 2 p rBltcfc't:^^ O i; ^ 

COS^T-fi. ^y XA 4 5 2 p©yij XAi^$ d i . abSlMi^'J 
XAfi p w , AMm 4 5 2 a b ;! -5 (c o tiT^pl^ 6<j {c A ^ < 
''cC S ct 9 {C $ tL § C i {C 4^ -5 o 

Z.(Dfz^. AI^E 4 5 2 a ^:®l,^{ig{cab ^ 'j XA 4 5 2 p T" {i . 
cl:^^<©7t^RI^1-§Ci;6<nJtg<b/j:^. ;^,tt^7fe?!i4 5 1 a ^ ® 
^«®{gT^M9 C i^s'T'^ §0 L/c*^'oT. ^t«t*7fe^ 4 5 2 

'5 o 
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9 3 

^ t) (c, C CD^^-eti^ >^ XA 4 5 2 p © t° >y f- p t i — ^icU-D 
^ tt^pjmU'^^fzld. ail>t® 4 5 2 c i^^|S]1-<5>:^(S]® 4 5 2 d fC ;fe 
1>T. XA 4 5 2 p^<ff^^$nT^,^/j:^,^^EM^ 4 5 2 e ^{ffi^t-S 
Ci^^T-^^o Ctl{CJ;i9, ±tEtmmK, At*® 4 5 2 a;6Nb©7fe^ 

*^JS©?^||{;:fc|^§^t'J^7fe<*:4 5 2 (i. ±ISAI^®4 5 2 
a l^tmt^Amm4 5 2 btJ^Nf, ±fE^{^^/i/ct J: -5 7^ U X 
A 4 5 2 p^<ff^^$nTl^^C<l:;{)<$f^ LV^o Ztllz^^^ §AI«fM4 
5 2 a • 4 5 2 b (C^t^t^^gl 4 5 1 a • 4 5 1 b ^^^i:^ X^m^mW 

imm(Df^m 9 ) 

^■f\ El 5 2 fcJ;CKIH 5 3 ( a ) 4o J; D'H 5 3 (b) ^ffi^,^T. *|| 

/■c. 1115 3 (a) ±fSMIifM?gB^B^/T^gM{c4oyS7o> hv^ h 
(MB^^S) 5 0 O©giJ5^0m^®-e**?. I1I53 (b) (i. yv>h 
7^ h 5 0 0 ©^^^2|i: 1 0 4 ©gP5^0fi£;^|2!T'*>So " ^ " " 
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9 4 

a. m^m^i^ mmm^) 5 0 2 ©jgt^;6<mn£<g,o nc^. Kmmm^B 
^^^^ 1 0 5 isj^v^m^w 1 0 4 mmomm iii'^\.^tz^otm 

li?l©M«9igL::^fSiP V dizK^LrmmiTu^fzib. m^W i o 4 o 

JMmij\^Rh ditm^m^W5 0 2 ©X|4fcJ:0'tbl!f® 5 0 2 c (^^g 
t ^1215 4 (a) #M) {i^LT^j. 0 = 1 4 ° ©^H^ 4' L 

€ CTTs ^Tfe^*: 1 0 4 F*g^cfel^Tji^;5•^S] R h d {ce^ 

'(kiz. zom^i^i 0 Aicm^t6m^m^i^5 o 2 ©ititfcoi^T. 

1215 4 (a) ;6>bll5 4 (e) ^ ffl l,^ TfjSH^ -5 o 0 5 4 ( a ) . EI 5 

4 (b) ^^J:0'1I5 4 (c) (i. ^n^-ni|)|^^^i$ 5 0 2 (Dmik^Tf. 

tW-mm. iE®I2IfcJ;0'ffliJElI-c-^,«9. 115 4 (d) {i, 5 

0 2©yuXA)|^©gg^©te;^liI. 115 4 (e) {i. 5 0 2 f • 

J^i^m^MA 5 1 a . 4 5 1 h^m5 4 (a) {C©^1|,t^L. {tiJTfi^ 

C©|,^i^^^^ 5 0 2 (i. ^Ii©ff^||8 {Cfe^{tS^^^^#:4 5 2 ( 
0 4 5 (a) #PJ izMLT. y^XA CW^ii,^^) 5 0 2 p ©Jg:|^ 
;i^<^^<f oTl^^, *^)K^5fc(* 5 0 2 T"{i. ±^LfcJ;o(c.-.ffiii:© 
«lg©e-r>M:5^|Sl^til|>f^^0 1 ^J^2 0° (^1 0|ii|>f^|S]) {c^ 
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9 5 

EI 5 4 (e) {C^tck-pfc. ^|;|it^7fe<* 4 5 2 1*1 ^ tb lif 3n 4 

5 2 c iz^^nKBmt^^i 5^mmi. z.(d^7 5^<tiiMnm9 im 

-^^) XJ^n^d 1 1 = 3 8° . -/ij Xun^e 12 = 52" i4'-5o 4' 

- 10 ^^<'/-ca6{c. ^1^135 1 1 2 g±{c. ^yx.{i T;l.$ ^':7a;^^«-^x^n 
'y:5^{Cck«9^^tTff^fiSL;^c^l!ffli 5 0 2 j ^ iS^-^ -5 C i * LV> o 
© cfc ^ {c, m^mitW 5 0 2®yuXAft^0 1 1 . e 1 2^5 1> 

15 4'*J. Ilt^3»7fe^* 5 0 2 O XAH^^ 1 1 . ^ 1 2{i. ^TUg;^ 

itn^e 1 0° 8 0° ) {c;&L;T. 3 0° 6 0° Ofg 

{g<£•^^,^T^^fe©ff^Il8 {::fe^{t6^t/c«7fe^^^ 4 5 2 (04 5 (a)#M 

20 ) tnmn'^^o 

. 0 mm{c^^$nTV^So t . Ilt^^^fei* 5 0 2 (i . X^^^KiS 
T> ^:^TT•{i#{C»r^>4'^,^PS{9 4'*gR*^b,^:|^^^^4 5 1 a ffilj {C M L 
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T<D^w^mt6o /cfcL. -/uxAs 0 2 p o Mi4::^iS] gc L T (i . m 
i^i^imLr\^6o :f^)Xi.nme 1 1 . e 1 2 {i. 

^4^ 5 0 2 ^^*:{C*Jl,^T — St*) -So 

§ < ^j: ^ ck 9 ff^jjJc $ n T -5 o 
C C -e ^ $ ^ {c , ^ ( i + 1 ) # g <J: O'^ i # @ ® >^ ij X A 5 0 
2 p {-:JbH^T> ^ 'J XAfeE{c*ft S ^ 'j X Ai^ ^ c7)MI4/6^ 
(d, + , - di ) / (Xi + , - Xi ) = 0. 005 

tan^d=0. 005 

2 8 6 ° i 4' 5 o 

6 OiJ:MO^fi{imm-e*«9. ^ 6 5 0 2 ©4i^g[3{cffi 

1^§^4 0#i©^-JXA5 0 2 p*-e©^iO^,1^LTl>6o 
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i 


X 1 (mm) 


d i (mm) 


P w 1 i (mm) 


P w 2 i (mm) 


1 


1. 0 


0. 0275 


0. 0352 


0. 0215 


2 


2. 0 


0. 0325 


0. 0416 


0. 0254 












3 9 


39. 0 


0. 218 


0. 278 


0. 170 


4 0 


40. 0 


0. 223 


0. 285 


0. 178 



. 9 % i /j: s o 

^n^mitW^ 0 2 . ±fB^7fc^* 1 0 4 fcJ;a'S£i^S|^•>- h 1 0 3 
{^c);l9tifiS^n^c7D> h 5 0 0 (0 5 3 (a) #M) (c J; S ® 

tt^3t««l®^OBfl§$^S(J^L;^.iC6. 2. 5 c d/m^ T*o/co 
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9 8 

0 2 fC?^^$n/-cy ij 5 0 2 p CD^iJ XAnm^mU6 2 ocD^S 
^nfc^^^^l 0 4®II|^1iiti 0 4 f {c^L. ^^J:<^^AI>fTi> 

^it^^7fci* 5 0 2 (Dj^mizuimKMiy- h mwL^^) 1 0 3 
cocfc-5{c, !^^^m^i^5 0 2 ©-/ij XA^^^ 1 1 . ^ 1 2 

© HI ^ o t° - f i o [Si { c ^ < k ^ ^ ;i ^ C i ^ § o 

''<):*5> ±iST-(i. 'J 5 0 2 p ij x^nme i i • e i 2 

(i^ Hi^^Tt^S 0 2^|*T— ^{c^^L/c;i^ li«^^l* 5 0 2 Ofe 
fi{cJ;oTmnc^c);9{c^^LTfcJ;l^o C tl (c J: ^) . i^^^^^tf*: 5 0 

2*^b©^±Jl^)^^oh°-^fl;6<^ns:^[S]<£.. $ ^, ^ c 
-^^t^mn^yj^^mmiz^^t^zt^^T'^^o ztuzj:^^ $ ^> 

fS] -h 4- i-^EI 5 C i pJtl cb /cC § o 
i>X±<D^^ iz, :^mm(Dlfm(Dmikm^i^ 5 O 2 (i. m 5 4 (a) ;6^ 
bias 4 (e) {C.1^-rj;9(C. ,^!l^^7t?i 4 5 1 8 - 4 5 1 fe^^S©5fc 
;6<Alit^^AI*® 5 0 2 a. Al«t® Cm2©Al!fM) 5 0 2 b i . Al^ 

L/c7fe*<i±ii^i-saii*® 5 0 2 c t^mA.tz^ii^om^m±W5 o 2t- 
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9 9 

^ S o 

^Lr. AlifMS 0 2 a . 5 0 2 b;i»\ mm^ti^ 5 0 2 <D§:^:^\a\ 
0i^®lC'^{^btlT*J>). ajit® 5 0 2 c;*^ ll«^^(*:5 0 2 (D§^ 

f* 5 0 2 ©tUl!f® 5 0 2 c{c^fSi^§®5 q 2 d ; g^^^ (c lE^iJ ^ 
5 0 2 p {i, 2 0 05}I® (^|^^ 5 0 2 f . 5 0 2 g) 

i^momm 1 0 ) 
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1 0 0 

gl5 5. 115 6 (a) feJ;c;gI5 6 (b) <^ffit,>T> ;$:||Sl6CD 

13 5 6 (a) (i, ±l2-KI«fM/^Hl^/T^g(cfc{j-§7D> S 5 -< f> 
B^^M) 5 5 0 III56 Cb) (i, 7n>,.^^ 

h 5 5 0 O^Tti^ (ffi.t^^Tfei*) 5 5 4 

fzmmcomms iiBjDTr-*^^^ *iijfe®f^.ig-c-(i. ^^{*5 5 4 ^j; 

TT^m^ 4 5 5(i. ^li®ff^II 8 T-ffl l^/c ^5© i 15) L; t)©^ffiV^T^,^ 5o 

ZZT^t. myti^ 5 5 4 {i. J^^m±m 451a-451b;f)>btfc||* 
^ tl. Amm 5 5 2 a. Al>f® 2 OAI>t®) 5 5 2 b ^t^li^^^^fe 
i* 5 5 2 IZA^L. m^J!^m±W5 5 2 cb «9 ^t»c^7fe^i^M(c^^ $ tlT 
myti^ 5 5 4 {cAl^tl.7t^. ^I^M/^l^xi^^? 4 5 5miz^1^iztii 
I* T ^ § J; ^ {C. h° y P d 0 . 3 9mm. fe^SU 5 5 4 d ® f >y f- 
P1^<0. 3 8 mm. ^MSR 5 5 4 eOf-yf-p 2;6<0. 0 1 m m . 

5 5 4 d iSl^gP 5 5 4 e tiz^i)mf^:^n6f^} XA<DM^ 
0.0 1 mmT*^MII§^it 5 5 4 f i}<mi^^ tlX ^ 
^Lr. ^7fei* 5 5 4 cDj§lffl^it 5 5 4 f (D mmijl^R h d ^^MMO 

&t:^^P V dic1^LxmmLX\.^^t:i6. m^i^ 5 5 4 0/i^^[pjR 
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1 0 1 

h d 5 5 2 © X J: O'lilit® 5 5 2 c C^^t^mb 7 

( a ) mmr (cj^lt^. 6 = 23" (onm^^fiLxmrnt^ z i ic/j: 

o 

ihiiinme 1 = 35° iz^^mt^zt^<tft lk^ 

^{r. Z(Dm^i^ 5 5 4 {^ii^t SUt^^Tfei* 5 5 2 CD1iit(COl^T. 
EI5 7 (a) ;&^ba5 7 (d) ffl l> T fjfiB^ 1" <g, o SI 5 7 (a) . 115 
7 (b) *JJ;0'EI5 7 (c) {i. ^tL^'nilt*c^7fel* 5 5 2 cDlfit^^.i^ 
■r^SEI^ iE®I2Ifc^O'{|iJ®|2lT-*«9. EI 5. 7 Cd) fi. IS^^Tt-^S 
5 2 oyij XAtt©g|5^®t£;^[aT-^^o fdrjo. ^.t^^^^ 4 5 1a. 
4 5 1 b<£-gI5 7 (a) (co^mj^L. ftii-e (i ^IB§ L T ^ „ 

C0,^|)bca|t^i$ 5 5 2 (i. ^JfeOfl5,^8 {3 t:^ -S 4 5 2 ( 

114 5 (a) #B^) {CS^LT> (^^ii,^^) 5 5 2 p ©ff^ibj 

;6^^/j:oT^,^So ^^It^^^fe^* 5 5 2 -e{i. ±3a^ L J; -5 . 
)^gFOt:°_^lil;5-[Sj^j^l^^^^ 1 = 350 iz-^^t^Z.t^<nt Ll^o 

III5 9 {cS-rJ'UT. itilif^a^ 1 = 3 5 ° {cfcUT t°-i?li 
^TF-r^ 'J XA^Ei LT> 'J XA^g ^ 1 1 . 9 1 2 = 3 0 ° 

^tlO. 5 2 f . 5 5 2 g^<?*fSj® 4 5 2 d L T ^ ^ 

n^t-^S^^t < L. XM^nme i i • i 2 g's' 0 ° 
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1 0 2 

tzlfb. m^m^W 5 5 2 (Di^^^^ommco ^Win^e 1 = 

5 8 {cS-dn^TI^B^-t^o g|58(i. 7o>h^^h550 ^^^fe^* 5 
5 40S^fS]® 5 5 4 c{fj;{)>^.^/c<!: ^O^ffi|2I-e*6o 13 5 8 T 

(i. ^«^^^^ 5 5 2 ^Nbttll>t$n^7t©-^^ti^6<3(cgLTl^So 

^t^^5fe^* 5 5 2 ^> bttil^ftiK ^l=+35°®^[S](^l©{fc|^^ 
fSj) (c)^^® e-i^lt^l.^-f §^ 8 0 (US 8 4^-,.^i|||) (i, 
5 5 4 ^(CfcV^TjiSg:^[S]Rhdiil55-r^^[Sl(cfeiS^§fcJ6. SI* 
^ 5 5 4 e (0 5 6 (b) #M) ic J; o r SI^^^^h^h^.tk^^ 4 5 5 ( 
115 5#M) {CISJ^^^ TMI^^tl. ^^(/{cS|>tMr^B^B^^^^ 4 5 5 ^ 

lit*t^7fei*5 5 It^h^M^^d 1 = - 3 5° ®>5-fS] (^2® 
tBI«f;^fS]) {^ilf|g©t°-^fi<&#t^^8 1 (US 84^-;^i|)|i) (i, 
5 5 4 l*I{c^H>Tj^^:^|S]R h d {ci5^,^^[S]{cfefi5•r'5/c 
26. SMI[P 5 5 4 e (a 5 6 (b) #flg) ©SI* ftffl fc < l^o 

0/ci6. ^7fe#:5 5 4 ©{im 5 5 4 h (CCTti. 4 5 1 a 

{iijoiiij®) (ciij^L. c©#j® 5 5 4 h-esi*$nSo LT. urns 

5 4 h-eSI*$n/c7fe8 1 li^:^|S]Rh d <^:iI35^5^[S](cfeM■r 
•5 C <!: (c ^ o 

ffllj® 5 5 4 hT-SI*$n/c^8 1 . ±127^8 O;0<iI3f^L 
fl^fz)b. ^8 0 ^M9ill^<^WLTl,>^o L/-c;&<-^T. «^(*5 5 4 
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5 o 

±IS7fe8 0 (i. ±{CJ|7ic;^*: 5 5 4 OAlif® 5 5 4 a;&^^>{±il^ft 
1 = + 3 5 ° h<D(D. mmizitmit^ 5 5 4 1*1 §15 

-^T. ±137^ 8 0 {c J: o Tfc. af^fe^^ 5 5 4 J; «9 t±} tif ^ n -5 ® ^K^Tfe 
^/c. mm 5 5 4 hJc^litM^&^ttacifCj;^, ^8 1 {C^^a>R 

fi<Jll^(ffl^|^l.^T^SgcDff^lg8 {Cfc{:r5||t^^^#:4 5 2 (0 4 5 (a) 
#M) t[s|^-e*)5o J^TT•^ 7 (a) ^^ibm5 7 (b) ^# 

M LT> ,^)|^^7t^ 5 5 2 lcoC^T$ b{c^i$&^{cI5feB^f--5o 

P t = 1 . 0 mm{c|S^$nT^-^^o t Utt^^i*: 5 5 2 ti. X 
/c^^-oT. >:^TT(i#^c»Tb^^l^K^9 4.^g|5;{,^^,^t>cl^7fe^iI4 5 1 a ffiij 

- ^|^{C. m ( i + 1) #g:fej;c;^ i §@CD^iJ XA 5 5 2 
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1 0 4 

(di + i - d, ) / (x, + , - Xi ) = 0. 005 
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^ 'j X A li p w i 


i 


X i (mm) 


d i (mm) 


P w 1 i (inm) 


p w 2 i (mm) 


1 


1. 0 


0. 0275 


0. 0476 


0. 0476 


2 


2.0 


0. 0325 


0. 0563 


0. 0563 
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39. 0 


0. 218 


0. 377 


0. 377 


4 0 


40. 0 


0. 223 


0. 386 


0. 386 



3 . 5 % i 4' -S o 



tmm<D:^mizj:.<ommLtztz6. mm^^mitmi 8%-c^r>tzo 
t tz. m^i^ 554 (DiUMm 5 5 4 b izi3if ^ms.^^i!)< 1 . 8 &.Tt 

Lfz^<'^T. *7o > h 5 5 0 Tti. l^-4'®tt^5fe4^ii^?f^ 
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1 0 5 
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if ^ CD fg ffl 

5. tfjia^l©tBlt:^iS]i|fj!a^2©J±l|^;^fS]t;{)<. MiBI|:|^*7tfl^ 
^{C l^ T 3 Ja^TT- * S C i <!: 1- If 1 ^ 5 ® 1 
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1 0 7 

L:^fS](c:^ LT^i:-tftS*< 1 0 ° Jil±. 8 0° &.Tl:'^^ Zt^ 

1 3. mmu^m^i^it, tiiiamom^ t 2 ;6<frfis®^^^^©Ai^ 
0 ° < ^ 5 ^ 2 0 ° 

®|gffl^^;^^C<b^#mitSfi*Jil*>b 1 2 ©V^^■n;6^ 111(112 
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1 0 8 

^WLtt ^m^m 1 b 1 5 o^.^ftL;6^ 1 

Omm< (L2-L1) ^lOmm 
gxtan^^ (L2-L1) ^lOmm 

1 9. mmm^m^i^{zm}i^^ntzmmmii<Dmmyjjfl\'tmBmM<D 



^^^O^^'^IPSI PCT/JP99/06S48 

1 0 9 

^l = sin-'(nxsin0),^^{i-^l 

i| 1 1 8 oi>f-"n;6> 1 ii{ifa®cDMB§^ao 

tnmt<s i n-' (nx s i n 6) T-* § C i i t -5 It^II 1 ;6> 

b 1 8 Ol^•r•n;i>> 1 ^{ctBl^o.^B^^E, 

fi5c$ti/cAMMT®{ciSg^ti6i i fete, BulS®)K«5fe^*:*in^LTlu 

iSt^t^jfe^^cDAIitffiom^ t e (i. 

0^(L-te)^10mm " ' ' 
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1 1 0 

.0 ^ L ' ^ 1 0 m m 

siif¥i5-e*5c<!:^#mitsft^ii2 1 izBmomm'^mo 

W ® ^ e ;t ^ ® a| ^ ^ i -^^ ^ ^ ^ ^ 

i^L E DT l/^ «*ttffBlDt«i#7fe<*0-:^®AI«f®{c@2fi$tL^'^ 1 CD 
L E D T <i: BUfa®t»t^7fe^2f:cDftb:^®Alhf®iCgBE$ tl/^m 2 ©L E 
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■thmm.m f (i. 

eOHz^f^lOkHz 



^^^^^ i <£-#;iT:'d: 

^ t 5 Slif M?g ^^^^ i ^1 ;i T ni: ^ ?g B^H ^^^fi fc T . 

^^{c0^$n/cia^©^«9ig L:5"fSj;6>b 1 0 ° ~ 8 0 ° on^e ^^t 

3 2 . It^:^ 1 *M^> 2 9 (D\.^ttl^^ 1 :^(cfS«OMB^ga;&^'5'7^ -5 7 
n > h ^ ^ ho 

3 3. HtfiS^B^g^m^*^ SI*M?gB^B^*^^T-*.5>S*^3 Oiz 
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1 1 2 

!«[ ® i ^ € ;i /cli ^ ® ,^ ^ ^ # 4' a M 0J ^ ^ ^ T > 
Allt L/cTt^^lit^S III ( Hi 2 Jii±©^|fe) CD^ ^? iA<;!^S|3;^<. fu 
HUl^Al^ffi{ilJ;<)^ i §§ ( i 1 b I * Slic) ©tU «9 iA^gf5 

(pWi + i — pWi ) 

XMLfzit^'^fsit ^ \m ( 2 \>X±.a:>mWL) <D'g]K)^^UtK m 
^> ti T *5 19 ^ 

HUlSAS^®^|lJ:6^ i §g ( i {i 1 b I ^ TC^IJc) ©tU «9 jA^gp 

= ( d - d , ) / (x - X , ) 
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3 6. mi^m^(D^ mt^l m<DWl0i^^^7:-(Dm^m7b<, o. ooo 

^ o 

3 7. iriaM^®ii;&<, MIS I f@OtU0iA.?).g|5T- — ^T^-S C (b^# 
^i^t-^SIt^:^ 3 5 * 3 6 ic Eig© MHJ ^?^o 

|S]©iiiCD^it®flJ^;<>^ 5%^:i±. 8 0 %J2^TT*>5 C cb^#i^<h^5 
ff*^ 3'4 3 7 0^.^•rtL:6^ 1 {c fHij © M HJ^T o 

6w<oii^^^izmtnfzw-iBU(o^^yj\^(Dmt(Dm^<. o. 05 

mmJi^±, 2 mmJi^TT*^ C i^f^mi t-Sft^II 3 4 ;6^ b 3 8 © ^,^ 
■rn;6^ 1 ^{c|2tg©MBJ^^o 

b tl T *J (9 ^ 

Mt5^ 2 (DA^mm^^ibm j c j i ;i)>b j ^ "c=©^iic) ©^u^j 
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lif ® i ^ # ^ t£ t>J ® ^ 3fe ;i>^ t> '^j: § M 0^ S ? } - fcH ^ T > 
la fStH lit® fiolH,^t^^^^^®S^:^|S](c^{t '^>nT*5*3 . 

KMLfz^^Kmt hm.m<Dm<o^?)-w. mw.Wi^m^^(Dmm^ 

HfftH^lli:OtU(9iA^gP{c:jo{t^lulB§^®;{><. lu IB tB 1^ ® {c >^ L > S 

Btiia#^M^^'SufB{±i*r®{c^LT^d:1-^;&N\ 3 0° jil±. 6 0° j£>(T 
TfeS c t^lt^JS 3 4 4 i(D\^irM^ i ^IdlBtgOM 

i t Slt^Ig 3 4 t> 4 2 0^-^•rn*^ 1 JStCfBtt® MHJ^^ o 
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